Viruses comprise the most abundant biological entities in the ocean (29) and play an integral part in global geochemical cycles (12, 35) . Also, viruses have been proposed to influence the community composition of their hosts by selectively infecting the winners in the competition for nutrients (32, 33, 38) . Indeed, the viral influence on prokaryotic community composition has been demonstrated in several studies (see, e.g., references 5, 26, and 41).
The community composition of prokaryotes or eukaryotic single-celled organisms can be investigated by PCR-based fingerprinting techniques based on small subunit rRNA genes or their flanking regions. However, viruses lack such conserved genes, and consequently obtaining genetic data on the virus community in a water sample is challenging. Several authors have used primers specific for certain virus groups, e.g., Phycodnaviridae (8, 27) or picornaviruslike viruses (11) . Undoubtedly, metagenomics currently offers the most comprehensive genetic data set on an entire viral community (see, for example, references 2, 4, and 6) and has become accessible to most research groups due to ever decreasing costs. Nevertheless, the challenge of adequately analyzing the large data sets yielded by metagenomics remains.
Recently, Winget and Wommack (37) demonstrated the use of randomly amplified polymorphic DNA PCR (RAPD-PCR) to assess viral community composition. These authors showed that the banding patterns obtained by RAPD-PCR from viral communities are highly reproducible, making RAPD-PCR a valuable high-throughput and low-cost technique to assess viral community composition on a routine basis. Other studies have used RAPD-PCR for strain typing of closely related viruses (9) and to study the benthic viral community of the Chesapeake Bay (13) , the pelagic viral community during an iron-induced phytoplankton bloom in the Southern Ocean (34) , and virushost interactions at hydrothermal vents (36) . Since RAPD-PCR is a relatively novel fingerprinting approach to study complex viral communities, one may still ask the question of how to best interpret such results in an ecological context. To address this, we performed RAPD-PCR analysis on viral and microbial communities (prokaryotes and single-celled planktonic eukaryotes) at a station in the northwestern Mediterranean Sea to determine their temporal and depth variation. The results were coupled with in silico RAPD-PCR analysis of available whole viral genomes and sequence analysis of the DNA sequences obtained from selected RAPD-PCR bands. Finally, the RAPD-PCR banding patterns were used to relate changes in the viral and microbial communities with each other and with other microbial and environmental parameters to better understand the mechanism driving temporal and depth variation of viral and microbial communities at the study site.
MATERIALS AND METHODS
Study site and sampling. Sampling was conducted at the Dynamique des Flux Atmosphériques en Mediterranée (DYFAMED) site located in the Ligurian . The sampling scheme covered depths of 5, 200, 600, 1,000, and 2,000 m. Due to differences in abundances of viruses and microbes over depth, we sampled 12 liters from a depth of 5 m, 24 liters from a depth of 200 m, and 36 liters from a depth of 600 to 2,000 m. Sampling was performed using 12-liter Niskin bottles mounted on a carousel sampler (SBE32; Sea-Bird Electronics). The samples were amended with sodium azide (final concentration, 0.005%) to prevent changes in microbial and viral community composition and stored at 4 to 10°C until further processing within 24 to 36 h after sampling. Details on the structuring of the water column (salinity, temperature, potential density), the bacterial and archaeal community composition analyzed by denaturing gradient gel electrophoresis (DGGE) and catalyzed reporter deposition fluorescence in situ hybridization, and the standing stocks of prokaryotes and viruses are reported elsewhere (39, 40) .
RAPD-PCR analyses. Microorganisms and viruses were concentrated by using sequential tangential-flow ultrafiltration (Vivaflow 200, 0.22-m pore size and 100-kDa molecular mass cutoff, PES; Vivasciences) until a final volume of 30 ml for each concentrate was reached. The microorganisms in the Ͼ0.22-m fraction were harvested by low-speed centrifugation (3,500 ϫ g, 4°C, 15 min), resuspended in 1 ml of filtered and autoclaved seawater, pelleted again, and resuspended in 45 l of filtered and autoclaved seawater. Viruses in the 100-kDa, 0.22-m fraction were harvested by ultracentrifugation at 10 5 ϫ g and 4°C for 5 h (L8-55M, rotor SW28 at 27.5 ϫ 10 3 rpm; Beckman Coulter) and resuspended overnight in 1 ml of MSM buffer (450 mM NaCl, 50 mM MgSO 4 , 50 mM Tris-HCl [pH 8.0], 0.005% [wt/vol] glycerol). Subsequently, the virus concentrates were centrifuged at 10 5 ϫ g and 4°C for 4 h (L8-55M, rotor SW55 at 32.5 ϫ 10 3 rpm; Beckman Coulter) and resuspended overnight in 45 l of MSM buffer. The microbial and viral concentrates were checked for contamination by flowcytometry (FACSCalibur; BD Biosciences) according to previously published protocols (7, 19) .
The following protocol is frequently used to prepare samples for pulsed-field gel electrophoresis and may not be necessary for RAPD-PCR (37 ) at 50°C for 14 h. Finally, the plugs were washed four times in 50 ml of wash buffer for 1 h each with the washing buffer for the second step containing 1 mM phenylmethylsulfonyl fluoride to inactivate any residual proteinase K. Treatment of the plugs from the viral concentrates followed the same procedure, excluding the lysozyme step. Plugs were stored in 15 ml of wash buffer at 4°C until analysis. The amount of molten agarose containing the template DNA used in RAPD-PCR was adjusted to obtain adequate levels of PCR products (Ն100 ng l Ϫ1 ) and varied between 2 to 5 l. For each microbial and viral concentrate two PCRs using either primer CRA-22 (5Ј-CCG CAG CCA A-3Ј) or OPA-13 (5Ј-CAG CAC CCA C-3Ј 42]; MWG Biotech) were performed, including negative controls containing no template DNA. PCR chemicals were from MBI Fermentas, and each 50-l PCR mixture contained 5 l of 10ϫ Taq buffer (100 mM Tris-HCl [pH 8.8], 500 mM KCl, 0.8% Nonidet P-40), 4 l of 25 mM MgCl 2 , 1.25 l of 10 mM deoxynucleoside triphosphate mix, 0.5 l of 100 M primer, and 0.25 l of a 5-U l Ϫ1 Taq polymerase solution. The cycling protocol was as previously described (42) , except that the final elongation step lasted 30 min (15) . PCR fragments were cleaned and concentrated by using a QIAquick PCR purification kit (Qiagen) according to the manufacturer's instructions, resulting in a final volume of 28 ml in elution buffer (Qiagen). The PCR products including the negative controls were initially checked and quantified on agarose gels using a molecular mass standard. For high-resolution separation of the RAPD-PCR products, 200 ng of the products per sample was separated electrophoretically on 2.5% standard agarose gels in 1ϫ TBE run at 5 V cm Ϫ1 for 140 min. The gels were stained with SYBR Gold (1:10,000 dilution of stock solution; Invitrogen/Molecular Probes) for 30 min, and images were obtained by using a Gel Doc EQ (Bio-Rad) gel documentation system. The images were analyzed for the number of bands per sample (presence versus absence). The band patterns were translated into a binary data matrix for further statistical analysis as previously described (20) (see Fig. S1 to S4 in the supplemental material).
In silico RAPD-PCR analysis of complete phage genomes. To determine whether the primers CRA-22 and OPA-13 target the same or different groups of viruses, we performed in silico RAPD-PCR analysis using 424 complete phage genomes retrieved from GenBank. The tool PrimerSearch (part of the EMBOSS toolkit; version 6.0) was used to obtain the number and size of potential PCR products for each of the complete phage genomes tested. A 10% mismatch between primers and target sequences was allowed, corresponding to 1 mismatched nucleotide per primer. Only PCR products in the size range of 20 to 3,000 bp were taken into account for further analysis.
Sequencing and phylogenetic analysis. Selected RAPD-PCR bands were excised from the gels, and the nucleic acids were extracted by using a QIAquick gel extraction kit (catalog no. 28706; Qiagen). The extracted fragments were reamplified and reanalyzed as described above using original samples as standards to confirm correct placement of the excised bands on the gels. Reamplified RAPD-PCR fragments were cloned and sequenced by a commercial sequencing service (MWG Biotech). DNA sequences obtained from RAPD-PCR fragments were analyzed by searching the nr and env_nt databases of GenBank using tblastx (searching a translated nucleotide database using a translated nucleotide query [1] ). Hits were assumed to be significant at expectation values of Յ10 Ϫ3 . Statistical analyses. All statistical analyses were performed in Mathematica (version 7.0.1; Wolfram Research). Spearman rank correlation coefficients were used to evaluate the relationships between parameters. Only statistically significant (P Յ 0.05) and relevant (Ϫ0.5 Ͼ r Ͼ 0.5) correlations were taken into account. Differences in the average values between two parameters were tested by using a Student t test. Samples where grouped according to depth layers (epipelagic, 5 m; mesopelagic, 200 and 600 m; bathypelagic, 1,000 and 2,000 m), and an analysis of variance (ANOVA) was performed to test for differences between these depth layers. Mantel tests (18) were used to link changes in the banding patterns of the microbial and viral size fraction, as determined by RAPD-PCR with each other and with changes in bacterial community composition (39) . For this purpose, the banding patterns determined by RAPD-PCR and for the bacterial community by DGGE (39) were converted into dissimilarity matrices by calculating Jaccard's dissimilarity coefficient. The Mantel statistic (r m ) was calculated as the Spearman rank correlation coefficient between the upper nondiagonal values of the dissimilarity matrices being compared. Probability values for the null hypothesis of the Mantel tests were calculated by using permutation tests (17) based on 100 random permutations, sufficient to obtain P values accurately to two decimal places. The results of the statistical tests were assumed to be significant at P values of Յ0.05.
Nucleotide sequence accession numbers. In all, 84 distinct nucleotide sequences (39 from the Ͼ0.22-m fraction and 45 from the viral size fraction) were obtained from RAPD-PCR fragments. The sequences were deposited into GenBank under accession numbers ET671171 to ET671254.
RESULTS
Variability in microbial and viral RAPD-PCR data. The Ͼ0.22-m size fraction contained mainly prokaryotes and single-celled eukaryotic organisms, whereas the 100-kDa to 0.22-m size fraction exclusively contained viruses, as validated by flow cytometry. Considering that RAPD-PCR data for the microbial and viral size fraction obtained by the primers CRA-22 and OPA-13 constitute two sets of discriminatory parameters (the presence or absence of bands), it is legitimate to concatenate the data sets of the two primers. Henceforth, data obtained by RAPD-PCR analysis from the Ͼ0.22-m size fraction will be indicated by MCRA (primer CRA-22), MOPA (primer OPA-13), and MICRO (data for both primers combined). Likewise, data obtained by RAPD-PCR analysis from the 100-kDa to 0.22-m size fraction will be designated VCRA (primer CRA-22), VOPA (primer OPA-13), and VIR (data for both primers combined).
The number of bands in the water column for MCRA, MOPA, and MICRO varied between 12 and 24, 6 and 19, and 21 and 41, respectively (Table 1) Table 1 ). The number of bands in VCRA, VOPA, and VIR was significantly higher than in MCRA, MOPA, and MICRO (Student t test: VCRA-MCRA, P ϭ 0.0038; VOPA-MOPA, P Ͻ 0.0001; and VIR-MICRO, P Ͻ 0.0001). The number of bands detected in MCRA, MOPA, and MICRO was significantly lower in the epipelagic compared to the meso-and bathypelagic (ANOVA: MCRA, F ratio ϭ 7.98, P ϭ 0.0017; MOPA, F ratio ϭ 7.96, P ϭ 0.0018; and MICRO, F-ratio ϭ 18.59, P Ͻ 0.0001). However, the number of bands in VCRA, VOPA, and VIR did not differ between depth-layers (ANOVA: VCRA, F ratio ϭ 1.53, P ϭ 0.2394; VOPA, F ratio ϭ 0.81, P ϭ 0.4562; and MICRO, F ratio ϭ 1.47, P Ͻ 0.2520). In the water column and the three depth layers, the number of bands for MCRA was significantly higher than for MOPA (Student t test: in every case, P Ͻ 0.0001). Similarly, the number of bands for VCRA was significantly higher than for VOPA in the water column and in the meso-and bathypelagic (Student t test: water column, P Ͻ 0.0001; mesopelagic, P ϭ 0.0082; and bathypelagic, P ϭ 0.0096) but not in the epipelagic zone (Student t test: P ϭ 0.1717).
Relationships of microbial and viral RAPD-PCR data with
other parameters. Data on bacterial community composition and richness determined by DGGE analysis of PCR-amplified fragments of the 16S rRNA gene and prokaryotic and viral abundance were reported previously (39, 40) . Here, we use these data to determine their relationships to the microbial and viral RAPD-PCR data. Physicochemical parameters (salinity, temperature, and potential density) were only occasionally and weakly related to changes in the number of bands or changes in microbial and viral community composition (data not shown).
Changes in the number of bands. In the water column, the number of bands in VCRA, VOPA, and VIR correlated negatively with prokaryotic abundance (Table 2) . Also, VIR correlated negatively with bacterial richness (Table 2) . However, the number of bands in MICRO and VIR did not correlate with each other, nor did MCRA and MOPA correlate with VCRA or VOPA in the entire water column (Table 3 ). In the epipelagic zone, MOPA correlated positively with VIR. In the mesopelagic zone, VCRA, VOPA, and VIR correlated negatively with prokaryotic abundance (Table 2) . Also, in the mesopelagic zone, VCRA correlated positively with MOPA and MICRO (Table 3 ). In the bathypelagic zone, prokaryotic abun- a The table gives the number of bands for the microbial (MCRA, MOPA, and MICRO) and viral (VCRA, VOPA, and VIR) size fractions obtained by RAPD-PCR analysis for the entire water column and in the three depth layers (i.e., the epi-, meso-, and bathypelagic zones ͓Epi., Meso., and Bathy., respectively]). The averages (rounded to integers), standard deviations, ranges, and numbers of samples are given. dance correlated positively with MOPA and MICRO ( Table 2) and negatively with VOPA and VIR (Table 3) . Also, in the bathypelagic zone, VOPA and VIR correlated negatively with viral abundance and bacterial richness ( Table 2) . A common feature for all depth layers was that all correlations between prokaryotic abundance and VCRA, VOPA, and VIR were negative (Table 2) . Changes in the banding patterns. Schematic representations of the banding patterns for MCRA, MOPA, VCRA, and VOPA can be found in Fig. S5 to S8 in the supplemental material. In the entire water column, changes in MICRO were linked to changes in the banding patterns of VIR (Table 4) . Also, changes in the bacterial community composition were linked to changes in MOPA and VCRA. In the epipelagic zone, changes in the bacterial community composition determined by DGGE (39) were linked to changes in MCRA and MICRO, and changes in VCRA were linked to changes in MOPA and MICRO. In the mesopelagic zone, changes in the bacterial community were linked to changes in the banding patterns of MOPA. In the bathypelagic zone, the banding patterns in VCRA changed with bacterial community composition. Also, in the bathypelagic zone, changes in the banding patterns of VOPA and VIR were linked to changes in MCRA and MICRO. The most interesting finding was that links between changes in the microbial and viral compartments were most pronounced in the bathypelagic zone.
In silico RAPD-PCR analysis of viral target sequences. Of a total of 424 complete phage genomes tested, primer CRA-22 gave potential PCR products for 49 (11.6% of the total) and primer OPA-13 for 36 (8.5% of the total) viral genomes, allowing for one mismatched nucleotide between primer and target. Thus, both primers targeted 85 virus genomes (20.1% of the total). Under stringent conditions, no potential PCR product was obtained for the primer CRA-22, and only two virus genomes resulted in PCR products with the primer OPA-13. From these 85 virus genomes, only 10 (12%) were targeted by both primers. In summary, 67 to 74% of the successfully tar- Tables S1 to S4 and Fig. S5 to S8 in the supplemental material). The sequences varied in length between 170 to 570 bp for MCRA, 238 to 864 bp for MOPA, 173 to 1,040 bp for VCRA, and 185 to 700 bp for VOPA. The GC content averaged 46.4% for MCRA, 49.0% for MOPA, 47.9% for MICRO, 41.8% for VCRA, 44.0% for VOPA, and 42.9% for VIR. Also, the GC content of MICRO was significantly higher than of VIR (Student t test: P ϭ 0.0015). For MCRA, MOPA, MICRO, VCRA, VOPA, and VIR the sequence length did not correlate with the GC content of the sequences (in every case Ϫ0.5 Յ r Յ 0.5).
Between 79 and 81% of the microbial nucleic acid sequences had significant hits in the nr database of GenBank and between 78 and 94% in the env_nt database (Fig. 1A) . Only between 6 and 17% of the microbial sequences had no significant hits in either database (Fig. 1B) . In contrast, only 18 to 30% of viral sequences had known relatives in the nr database, whereas, 59 to 87% had significant hits in the env_nt database (Fig. 1B) . The percentage of viral sequences with no hits in either database ranged between 13 and 41% (Fig. 1B) .
Phylogenetic analyses revealed that 18% of the sequences obtained from MICRO could each be attributed to Alphaproteobacteria and Cyanobacteria and that 21% of the sequences had no significant hit in the nr database of GenBank ( Fig. 2A) . Other significant fractions of the sequences had close relatives among Gammaproteobacteria (10%), Firmicutes (10%), and Eukaryota (8%). The picture was different when we analyzed MCRA and MOPA separately ( Fig.  2B and C) . On the one hand, MCRA was dominated by Alphaproteobacteria (31%), unidentified sequences (31%), and Eukaryota (12%; Fig. 2B ). On the other hand, Cyanobacteria (26%), unidentified sequences (22%), Gammaproteobacteria (13%), and Firmicutes (13%) constituted the largest fractions in MOPA. Interestingly, no sequences related to Archaea were obtained from MCRA or MOPA (Fig.  2 , see Tables S1 and S2 in the supplemental material).
Only small fractions of sequences in VIR (9%), VCRA (8%), and VOPA (9%) were associated with known viruses (Fig. 3) . Other sequences in VIR (16%), VCRA (22%), and VOPA (9%) had significant hits in the groups Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Cyanobacteria, Euryarchaeota, and Eukaryota (Fig. 3 , see Tables  S3 and S4 in the supplemental material).
DISCUSSION
Critical evaluation of the approach. The preparation of microbial and viral concentrates is particularly crucial when using RAPD-PCR, because the primers are not specific for any particular group of organisms or viruses (13, 37) . In the present study, there is evidence that the microbial and viral concentrates, and thus subsequent analyses, were not affected by cross-contamination. (i) Flow cytometric analysis of the concentrates did not indicate cross-contamination. (ii) Sequences detected in MCRA and MOPA were not detected in VCRA or VOPA (see Tables S1 to S4 in the supplemental material). (iii) A majority of sequences obtained from VCRA and VOPA had no significant hit in the nr database of GenBank, whereas the majority of sequences from MCRA and MOPA had close relatives in this database (Fig. 1) . In summary, these results indicate that the filtration and subsequent cleaning procedure, consisting of several washing steps, to obtain the microbial and viral concentrates was successful.
The majority of cloned and subsequently sequenced microbial or viral RAPD-PCR bands obtained from either primer yielded one nucleic acid sequence. However, occasionally, we obtained more than one distinct nucleic acid sequence from a single cloned band regardless of which primer was used (see Fig. S1 to S4 in the supplemental material). Similar results have been reported previously (13, 37) and in the case of benthic viral assemblages in an estuary have been interpreted as evidence for similar genes being widely distributed (13) . Thus, the actual number of different viral and microbial target sequences appears to be higher than what can be distinguished on the agarose gels. These results indicate a limitation of the method that is similar to other nucleic acid based fingerprinting methods such as DGGE analysis (see also reference 23).
Interpreting viral RAPD-PCR profiles. The use of RAPD-PCR to obtain fingerprints of viral communities is a relatively new approach (13, 34, 36, 37) , but it was used previously to obtain nucleic acid probes specific for virus populations (42) . Although other authors demonstrated the usefulness and reliability of RAPD-PCR analysis to obtain fingerprints of viral communities (13, 37) , questions remain on the interpretation of the results in an ecological context. To get a better idea of what the targets are and what the differences between PCR products obtained by the primers CRA-22 and OPA-13 might be, we performed in silico analyses using complete phage genomes retrieved from GenBank. Although the results need to be interpreted carefully due to the small sample size (424 complete phage genomes tested), the results reveal a number of interesting trends. First, when stringent conditions were chosen, i.e., no mismatches were allowed, we obtained no PCR products for the primer CRA-22, and only two virus genomes 3 . Taxonomic breakdown of significant hits to nucleic acid sequences obtained from viral concentrates. The pie chart shows the number of significant hits to phage-and prophage-related sequences, as well as other phage-unrelated sequences (as a percentage of the total) based on comparing the nucleic acid sequences obtained from VIR (A), VCRA (B), and VOPA (C) to the nr database of GenBank using tblastx. The category "other" corresponds to significant hits in the groups Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Cyanobacteria, Euryarchaeota, and Eukaryota.
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gave PCR products when the primer OPA-13 was used. Even under less stringent conditions allowing for one mismatched nucleotide between primer and target sequence, only 20.1% of the virus genomes tested yielded potential PCR fragments. There are two possible, but not mutually exclusive conclusions from these results. (i) Even if both primers are used to obtain viral fingerprints, the results will only be based on a relatively small subset of the viruses in the sample.
(ii) The currently available complete phage genomes in the nr database of GenBank are indeed not representative for marine pelagic virus communities. The relatively small percentage of identifiable RAPD-PCR sequences compared to the nr database of GenBank versus the much higher number of significant hits in the env_nt database (Fig. 1) would argue for the latter conclusion (see also reference 2). The finding that only 12% of the successfully targeted phage genomes gave potential PCR fragments with both primers, suggests that the profiles obtained by CRA-22 and OPA-13 are largely representative of two different subsets of the viral community. This conclusion is further supported by the lack of a correlation in the number of bands detected for VCRA and VOPA in the entire water column and the three depth layers (Table 3) . Also, changes in the banding patterns in VCRA and VOPA were not linked in the entire water column and the meso-and bathypelagic (Table 4) , further supporting the idea that the two primers target different groups of the viral community in the investigated environments.
This brings up the question of how representative RAPD-PCR data are for any given viral community. It has been argued that conventional PCR-based profiling techniques such as DGGE or terminal restriction fragment length polymorphism analysis target the more abundant phylotypes of the community; however, the exact relative contribution of each of the signals cannot be given with certainty due to biases introduced by the PCR amplification (3, 25, 30) . The results of PCR-based fingerprinting techniques of prokaryotic communities using the 16S rRNA gene as a target are sometimes interpreted as a measure of apparent richness, although a lot more phylotypes might be present in any one sample based on massively parallel tag sequencing (28) . In addition, the number of 16S rRNA genes per prokaryotic genome is not constant and can vary widely between different phylotypes adding to the complication of interpreting such results quantitatively (10, 16) . This also suggests that in the case of conventional prokaryotic fingerprints (e.g., DGGE), the number of bands does not necessarily equal the number of dominant phylotypes and that a certain amount of variation is inherently present in such data (23) . Thus, this issue is also pertaining to profiling techniques targeting specific genes such as the 16S rRNA gene, and yet those techniques have proven wildly successful. Since the kinetics of PCR amplification in RAPD-PCR are the same as in the analysis of PCR-amplified fragments of the 16S rRNA gene, the same arguments hold. According to our in silico analysis conducted with complete phage genomes, the most important choice to make in RAPD-PCR analysis of viral communities is which primer to use. Based on our data, the primer CRA-22 resulted in a higher number of bands than the primer OPA-13 for the viral and the microbial fraction (Table  1) . Thus, primer CRA-22 appears to be more discriminative than OPA-13 in the investigated environment.
Interpretation of microbial RAPD-PCR profiles. Viral infection is a stochastic process depending on the abundance of hosts (21) . Thus, it is reasonable to assume and supported by observations (7, 22) that the majority of double-stranded DNA viruses found in the water column infect the most abundant groups of organisms, prokaryotes and single-celled eukaryotes (e.g., flagellates). RAPD-PCR analysis of viral communities does not distinguish between different virus types. Thus, to obtain data on the relationship between a grand majority of the virus community and their hosts, it is helpful to study the communities of prokaryotes and single-celled eukaryotes, preferably using similar methods.
A direct comparison of the results of the bacterial DGGE data by Winter et al. (39) with the microbial RAPD-PCR data is problematic because the latter also targets Archaea and Eukaryota. Thus, the broader set of target organisms may explain why the number of bands detected in MCRA, MOPA, and MICRO did not correlate with bacterial richness as detected by DGGE in the water column or the three depth layers ( Table 2) .
Another interesting finding is that the number of viral RAPD-PCR bands exceeded the number of bands obtained from the microbial size fraction for each primer alone and in combination. The most parsimonious explanation for this result is that the number of different primer target sites in a virus community is higher compared to the corresponding microbial community. This leads to two conclusions: (i) the number of different virus types in the water column is higher than the corresponding number of different microbial hosts (see, for example, reference 14) and, (ii) assuming that the primary sequence of nucleotides in a given DNA molecule is random, the chance of a given 10-mer to finding a priming site is 1:4 10 . However, DNA sequences are not random, and our results may lead to the conclusion that the diversity of priming sites for the primers used in the present study is higher in viral than in microbial genomes despite the fact that genomes of prokaryotes and single-celled eukaryotes are generally larger than those of viruses. Based on our data, neither of the two conclusions can be completely dismissed or verified; however, it is likely a combination of the two that led to our results.
The number of bands detected in MCRA and MOPA were not correlated with each other, either in the water column or in the three depth layers (Table 3) . Similarly, changes in the banding patterns of MCRA and MOPA were not linked (Table  4 ). This suggests that data obtained from MCRA and MOPA appear to be representative of two different subgroups of the microbial community, similarly to data obtained from VCRA and VOPA. Nevertheless, the nucleic acid sequences obtained from MCRA and MOPA were mostly affiliated to the same broad groups, with the exceptions of Planktomycetes, Chloroflexi, Actinobacteria, and some unclassified Proteobacteria (Fig. 2B and C) . Thus, the differences appear to be largely due to lower level taxonomic ranks compared to the ones analyzed here. A previous study conducted at the same site revealed that, on average, archaeal cells comprised 2.7, 13.2, and 8.0% of DAPI (4Ј,6Ј-diamidino-2-phenylindole)-stained cells in the epi-, meso-, and bathypelagic zones, respectively (39) . However, the lack of sequences affiliated with Archaea as obtained from MCRA and MOPA does not contradict previously published results, since we did not obtain sequences from all bands 6730 WINTER AND WEINBAUER APPL. ENVIRON. MICROBIOL.
detected on the gels and, thus we might have missed the archaeal phylotypes. Prokaryotes and single-celled eukaryotes as viral hosts. Based on previously published data from the same sampling site and period (39, 40) , prokaryotic abundance and bacterial richness (as detected by DGGE analysis) were positively correlated in the bathypelagic zone but not so in the epi-or mesopelagic. This is similar to the concomitant increase in prokaryotic abundance and the number of bands in MOPA and MICRO in the bathypelagic (Table 2) , where the decline of eukaryotic cells with depth was much stronger than that of prokaryotic cells (31, 40) . This suggests that the overwhelming majority of viruses in the bathypelagic zone target prokaryotes. Further support comes from the finding that in the epipelagic zone, where the abundance of single-celled eukaryotes was much higher than in the meso-and bathypelagic zones, no correlation between viral RAPD-PCR data and bacterial richness, as well as prokaryotic and viral abundance, was found (Table 2) .
Prokaryotic and viral abundances were tightly linked in the entire water column and in the three depth layers at the study site, where an increase in the abundance of prokaryotes and viruses in the bathypelagic zone occurred during winter and spring (February to June [40] ). This largely overlaps with the period when the complete breakdown of the thermal stratification resulted in a uniform water column with the potential for deep vertical mixing (39). Winter et al. (39) argue that environmental changes in the bathypelagic zone during the nonstratified period from December to April (e.g., enhanced availability of nutrients and dissolved organic carbon) resulted in increased prokaryotic growth and viral production at depth. Thus, the bathypelagic zone at the sampling station during the nonstratified period was characterized by enhanced prokaryotic and viral abundance (40) , concomitant with enhanced bacterial richness (39) and an increased number of bands in MOPA and MICRO (Table 2, see Fig. S5 and S6 in the supplemental material). Surprisingly, a simultaneous decrease in the number of bands in VOPA and VIR occurred (Table 3, see Fig. S7 and S8 in the supplemental material). There are two non-mutually exclusive interpretations of these results. (i) The virus community changed in a way that precludes an increasing number of virus types to be detected by RAPD-PCR because the primers used did not target these new virus types. (ii) The increase in viral abundance is mainly due to a small number of virus types that outcompete less-adapted viruses with respect to the limiting resource, i.e., prokaryotic hosts in the bathypelagic zone. Thus, the results could be indicative of a virus bloom dominated by a small number of virus types. Either way, the data clearly show a substantial change in the virus community that occurred concomitantly with changes in the microbial and bacterial community, particularly from April to June. The data also indicate that virus communities in the bathypelagic zone exhibited substantial temporal dynamics, as has been shown previously for prokaryotic communities at the study site (39) .
For the entire water column, our data indicate that changes in the community composition of the microbial compartment were linked to changes in the virus community, as well as to changes in the bacterial community (Table 4) . However, contrary to our expectations, the strongest indications for links between changes in the microbial compartment, as well as in the bacterial community, with changes in the viral community were detected in the bathypelagic zone (Table 4) . Thus, given the scarcity of eukaryotic predators able to influence prokaryotic community composition (24) in deep waters at the study site (31) , our data suggest that viral lysis was a stronger factor than protozoan grazing for influencing microbial community composition. This also indicates that viral lysis is the biggest source of mortality for prokaryotes in the bathypelagic zone.
Williamson et al. (36) showed that lysogenic viruses predominate at deep-sea diffuse-flow hydrothermal vents. Although we also found some prophage-related sequences in the viral size fraction, the majority of sequences in the present study could not be identified (Fig. 3) . However, the links between changes in the viral and microbial community, as well as in the bacterial community (Table 4) , detected in this study are more suggestive of lytic virus production (either by lytic viruses or temperate viruses directly entering the lytic cycle). Similar results could also be caused by prophage induction; however, one would need to assume relative constant induction of prophage throughout our study period.
Summary and conclusions. In summary, RAPD-PCR data obtained using either primer CRA-22 or OPA-13 are largely representative of two different subsets of the viral community. Depending on the primer used, the number of nucleic acid sequences with significant hits in the env_nt database of GenBank was only slightly lower for the viral compared to the microbial community; however, substantially fewer viral sequences than microbial sequences also had close relatives in the nr database of GenBank, with few sequences being identifiable as of viral origin. These results suggest that the viral sequences currently available in the nr database of GenBank do not appear to be representative of the diversity of marine viruses.
Our RAPD-PCR data indicate particularly strong ties between changes in the microbial and viral community in the bathypelagic zone at the study site. Further evidence for these striking temporal dynamics at depth is provided by DGGE analysis of the bacterial community (39) , as well as changes in prokaryotic and viral abundance (40) . The low number of potential eukaryotic hosts in the bathypelagic zone at the study site (31) and the strong links between changes in the microbial and viral RAPD-PCR data indicate that viruses are the main source of mortality for prokaryotes in the bathypelagic zone at the study site. Also, the data indicate that virus communities in the bathypelagic zone can exhibit substantial temporal dynamics.
